Abstract -New electron donors which a r e extended analogues of t h e t e t r athiafulvalene and selenatrithiafulvalene systems have been prepared by Horner-Witti I -s e l e n a -3 -t f i o l e anions. The single c r y s t a l X-ray s t r u c t u r e of 9,lOanthracenediylidene-2,2' -bis(4,5-dimethyl-l,3-dithiole) i s presented along with variable temperature conductivit conducting 1:4 salt of t h i s donor wit1 TCNQ.
INTRODUCTION
Electron donor molecules containing t h e 1 , 3 -d i t h i o l e ring system have been extensively studied i n recent years i n t h e quest f o r new o r anic metals and organic superconductors been systematically varied i n a number of ways. by selenium and tellurium ( r e f .
) , ( i i ) alkyl, a r y l and heterocyclic substituents have been attached t o t h e periphery of t h e molecule ( r e f . l c ) , ( i i i ) extended conjugation has been incorporated between t h e d i t h i o l e r i n s ( r e f . 3),
t o t h e ring system ( r e f . 57.
W e now describe new r e s u l t s on t h e 9,10-anthracenediylidene-2,2'-bis(l,3-dithiole) system (1) ( r e f . 6) and t h e preparation of selena-analogues.
. In t h i s context, tetrathiafulvalene TTTF) is t h e prototype redox system and the For example ( i ) sulphur has been replaced s i z e , (f.ef * '1 s ape, symmetry and electronic properties of t h i s basic heterocyclic skeleton have higher symmetry have been repared ( r e f . 3 ! , 4), (v) hy 6 rophobic chains have been attached iv) radialene s t r u c t u r e s with
RESULTS AND DISCUSSION
W e have previously described t h e preparation of compounds (1) and (2) i n a one step process from anthraquinone and reagents (6) and (7), respectively, i n 70-75% yields ( r e f . W e have now determined t h e single c r y s t a l X-ray s t r u c t u r e of compound (1 which revea 6b, "* s a highly d i s t o r t e d s t r u c t u r e with t h e c e n t r a l quinonoid r i n g bent i n t o a boat conformation (Fig. 1) . In t h i s way s t e r i c congestion between t h e peri-hydrogens and t h e sulphur atoms i s relieved. Analogous boat shaped quinonoid moieties a r e observed in t h e X-ray s t r u c t u r e of 11,11,12,12-tetracyano-9,10-anthraquinodimethane and other s t e r i c a l l y crowded TCNQ analogues ( r e f . 7 ) .
Preliminary attempts at e l e c t r o c r y s t a l l i s a t i o n of r a d i c a l ion salts of system (1) have yielded only insulating dication s a l t s which we have prepared previously by an independent, t h r e e -s t e p route s t a r t i n g from 9 ,lo-di(chloromethy1)anthracene i n 42% overall yield ( r e f . 6a).
combination of donor (1) and TCNQ is a very i n t e r e s t i n g material.
Variable temperature conductivity data f o r complex (1) Data were obtained using standard four probe techniques; long, t h i n needles. The room temperature conductivity value is ca. 50 S cm-1 [cf. t h e previously reported powder conductivity value f o r t h i s material is 1 0 -2 S cm-1 ( r e f . 6c)] and metallic behaviour is observed over t h e temperature range 300-100 K when a c l e a r t r a n s i t i o n is observed and t h e conductivity drops sharp1 .
obtained using a Faraday balance a r e shown i n Fig. 3 . Txe data at 300 K a r e consistent with a two spin system (X300K = 2.3 x 10-3 emu mol-' ; p e f f = 2.33 p~) t h a t obeys Curie law behaviour down t o ca. 80 K.
metals formed by complexes of t h i s stoichiometry. Single c r y s t a l X-ray analysis of t h e complex has not been obtained as yet.
Donor (1) forms a 1:2 com l e x with 2,5-dibromo-TCNQ i n a c e t o n i t r i l e which is a poor conductor ( u r t = 10-5 S cm-P ) . However, a 1:4 complex formed by samples were i n t h e form of The s t a t i c s u s c e p t i b i l i t y data W e note t h a t t h e r e are very few examples of organic Several unsymmetrical TTF and TSeF derivatives have been prepared previously by cross-coupling methods which generally s u f f e r t h e drawbacks of low yields and tedious chromatographic separation from a ran e of coupled products ( r e f . 8 ) . compounds is t h e DMET donor [dimethyl eth lenedithio)diselenadithiafulvalene] which forms derivatives of system (1) by high yielding, clean, stepwise procedures. Notahy we have developed t h e novel mixed sulphur-selenium Horner-Wittig r e a ent (4) which we have obtained from t h e 1-selena-3-thiolium cation (3) ( r e f . 10) (bcheme 1).
The e f f i c i e n t trapping of y l i d ( 5 ) was established by adding anthraquinone t o anion ( 5 ) which was generated from reagent (4) (2.1 equiv) and n-BuLi : t h e diselenadithiafulvalene system (8) was isolated i n 65% y i e l d , presumably as a mixture of c i s / t r a n s isomers (8a) and (8b). A b e t t e r approach t o unsymmetrical derivatives of (1 t h a t avoids t h e formation of isomeric mixtures is v i a intermediate compounds (11) and (121 which were obtained (85% yield) from reaction of anthrone with cations (9) and (10 respectively. Compound (111 is may contribute t o t h e overall electronic s t r u c t u r e [A , , , (MeCN) 194, 247, 272, 370 and 481 nm] . On t h e other hand, t h e l H nmr chemical s h i f t data f o r t h e methyl protons of structures (1) and (11) a r e v i r t u a l l y i d e n t i c a l , supporting canonical form (11) [viz &(CDC13) f o r (1) 1.91 ppm, f o r 11) 1.98 ppm]. A methyl substituent on a cationic dithiolium r i n g [e.g. s t r u c t u r e [ l l a ) ] should be observed at 6~ ca. 2.9 ppm ( r e f . 6a).
Corn ound (11) was reacted with y l i d s (5) and (7 t o y i e l d unsymmetrical analogues (13) and by reaction with anions (6) and (7). characterised. Compounds (8), (13)- (15) a r e a l l orange, a i r -s t a b l e s o l i d s .
Notable among these superconducting ion r a d i c a l salts ( r e H . 93. W e have now prepared several uns m e t r i c a l an orange-red c r y s t a l l i n e s o l i d , and based on U . V . data t h e aromatic dipolar form ( l l a i157 respectively (65-75% yieldsh. Alternative 1 y , half-quinone (12) could be repared irst, using reagent ( l o ) , and t ence converted e f f i c i e n t l y i n t o compounds (137 and (14) Compounds (13) and (14 a r e especially notable as they a r e among t h e f i r s t analogues of t h e s e l e n a t r i t h i a f u l v a 1 ene system t o be observed, although t h i s process is not cleanly reversible ( r e f . 6c).
( l ) , donated more readily than f o r TTF. similar conjugation length between t h e d i t h i o l e moieties and is indicative of reduced
